Lead oxide (PbO) thin films were deposited on unheated glass substrates, using the vacuum thermal deposition with a rate of deposition 0.7 nm/ s, at 130nm thickness .The annealing temperature was varied from 523 to 723K for 2 hr . X-ray diffraction (XRD) analysis was used to study the structural and crystallite size of PbO thin film. Before annealing effect, the XRD results indicated that the PbO film is in amorphous nature . After annealing, the corresponding diffraction patterns revealed that the films crystallize in polycrystalline mixed compounds of (PbO tet ), and (PbO orth ) with a preferred orientation along (020) plane. The average crystallite sizes estimated from XRD data was found to lie in the range of 15.11 -36.80 nm. The surfaces morphology of these films was studied by the Atomic Force Microscopy (AFM) studies. AFM confirmed that the PbO films have good homogeneous surface. The roughness average, and root mean square values increased with the increasing annealing temperatures . The higher optical transmittance value of PbO film annealed at 523K was found to lie in the range of 88-91% in VIS and IR regions respectively. The optical properties showed that the PbO thin films have allowed direct transitions and the values of energy gap decreased with increasing annealing temperature.
Introduction:
Thin Film term is a layer or several layers of atoms for a certain substance whose thickness ranges between (10nm) and less than (1μm) [1] . Its conductivity can vary from an insulator to a conductor by the deposited method, substrate, and annealing condition [2] . The technology of thin film deposition gets its development by increasing the performance, reducing the costs and control of characteristics different from the substrate. These features have permitted to development of entirely new products, provided additional features in design and manufacturing, achieved of improved functionality in the products, conserving resources and materials and reduce the wastes encountered in traditional manufacturing. The major area of thin film technology is concerned with the ability to grow an epitaxial film on a substrate. This ability gives an control on the composition and structure as well as geometrically in which films can be deposited so this modification of devices become easy and economical [3] . Due to their various optical and electronic properties, lead oxide have been used for a wide variety of microelectronic and optoelectronic applications [3] , such as electroluminescent device [4] , magnetic memory [5] , dielectric layer [6] ,and good material for warming applications in home in temperature regions and in agriculture [7] .
Lead oxide may be fatal if swallowed or inhaled. It causes irritation to skin, eyes, and respiratory tract. It affects gum tissue, central nervous system, kidneys, blood, and reproductive system. It can bio accumulate in plants and in mammals [8] . The synthesis of nanostructured lead oxide has an attention. Lead element has a lot of oxide forms, such as PbO, Pb 2 O 3 , Pb 3 O 4 , PbO 2 and phase of α, β [5, 6] .Because of lead oxide possess numbers of properties this results several phases of lead oxide caused different levels of reflectance and thin films of lead oxide can be used as optical storage devices[9], and gas sensors [8] .Thin films of lead oxide can be deposited by thermal vacuum evaporation method and studying the structural, morphological, and optical properties by X-ray diffraction (XRD), atomic force microscopy (AFM),and UV-visible spectroscopy [10] .
Materials and methods:
Lead monoxide (PbO) was powder materials from Rediel de hien Made by Germany, with high purity (99.9%), color red and density 9.53 g/cm 3 . The type of substrates was used for depositing thin films by thermal evaporation is glass slides. These are (7.6 × 2.54) cm 2 in area and 0.12 cm in thickness, which were used to study the structural and optical properties. The cleaning of the substrate is very important because it has a great effect on the properties of the thin films. The lead oxide was prepared by thermal evaporation technique at RT under pressure up to 1×10 -7 mbar with rate of deposition 0.7 nm. sec -1 , annealed at annealing temperature 523,623,723K for 2hr and thickness 130nm.The molybdenum boat (trough style boat) was used for deposition of PbO thin films.
X-ray diffraction (XRD) analysis was used to recognize the crystal structure of (PbO) thin films, employing CuKα radiation (λ=1.5418 Å) with operating voltage15 KV and a current of 30 mA. XRD data were collected from (2θ) of (0º ─ 60º).The morphologies of the prepared PbO thin films were recorded by Atomic Force Microscopy (AFM) supplied by (AA3000, Angstrom Advanced Inc.(USA)). It observes the surface roughness and topography of deposited thin films. To investigate the optical properties of PbO thin films, the absorption spectra of these films have been recorded in the wavelength range (200-1100) nm by using the double beam spectrophotometer (Shimadzu model UV-1800 (JAPAN)).
The lattice constants a and b for tetragonal structure estimated from the relation [11] :
The lattice constants a, b, and c of orthorhombic structure estimated from the relation [11] :
The average crystallite size (D), estimated from Scherrer's formula [12 ] . = 0.94 cos
Where : θ is the Bragg diffraction angle, β is the full width of the diffraction line at halfmaximum intensity (FWHM).
The dislocation density (δ) was determined by the relation [13]:
The micro strain (ε) was calculated by the formula [13] ε = βcosθ/4 (5)
The number of crystallites per unit area (N) of the films was determined by the formula [13]:
The absorption coefficient (α) can be calculated using the expression [14] :
Where: t is the samples thickness .
The optical energy gap (E g opt ) was calculated using the Tauc relation which is given by the formula [14] :
Where n is an integer depending on the nature of electronic transitions( for the direct allowed transitions n has a value of 1/2, while for the forbidden direct transitions n = 3/2) , A is energy dependent constant, h is Plank's constant, and hv is the energy of the incident photon.
Results and discussion:
1. X-Ray diffraction (XRD)
. The X-Ray diffraction analysis with the monochromatic CuKα line(λ=1.54060 Å) has been carried out for the thermal evaporated PbO thin films of thicknesses consistently around 130 nm. The structural investigation confirmed that the lead oxide films before annealing are in the amorphous state (i.e there is no diffraction peaks were observed) as shown in Figure ( The obtained data are in good agreement with those previously reported in earlier studies [16, 17, 18] .
Generally ,it can be noticed from figure(2) that the distinct of the diffraction peaks decreased with increasing annealing temperatures , which are leads to increase in the crystallite size as evaluated in Table ( 1) [18, 19] .Additionally, the change in the values of number of crystallites per unit area (N),dislocation density (δ), and micro strain (ε) of PbO thin films follow the change that has accompanied the crystallite size under the influence of annealing temperatures, which is summarized in Table (2) . Table 3 . These results agree with published study [15] , showed increased roughness and RMS with increasing annealing time . 
3.Optical properties
Lead oxide thin films were examined in transmission using spectroscopy technique as shown in figure (6) . An abrupt increase of transmittance with increasing wavelength up to about 400 nm was observed followed by a slight increase up to 1100 nm . The results show that the transmittance is dependence on annealing temperature. The higher optical transmittance value of PbO film annealed at 523K was found to lie in the range of 88-91% in VIS and IR regions. The decrease in the transmittance with annealing temperature may have been caused by increase in crystallite size, and the decrease in the number of defects that is associated with high temperature annealing of thin films. The high transmittance in the IR region indicates that PbO films are good materials for warming application; it could be used as window glazing in homes and in agriculture [ 18] . These findings are higher than the results of published articles which have studied the compound PbO films prepared in same to our preparation and in other methods too [18, 19, 20] .
Figure(6):
Transmittance spectra as a function of wavelength of PbO thin films for 130nm thickness at different annealing temperature.
The variation of the absorption coefficient (α) versus the energy of incident radiation (hν) of PbO thin films with annealing temperatures 523,623 and 723K shown in figure (7) . The absorption coefficient increased with increasing of annealing temperature for each measuring range. The values of α for all films are multiplied by 10 4 (α > 10 4 cm -1 ) in the visible region, which means that the films have a direct optical energy gap [21] . The experimental values of (αhν) 2 plotted against photon energy (hν) of PbO thin films with annealing temperatures 523,623 and 723K are shown in figure (8 
Figure(8):
Graphically relation for the allowed direct transition between (αhυ) 2 and photon energy (hν) of PbO thin films for 130 nm thickness at different temperature
Conclusion
XRD results indicated that the PbO film before annealing is in amorphous nature. After annealing, the corresponding diffraction patterns revealed that the films crystallize in polycrystalline mixed compounds of (PbO tet ), and (PbO orth ) with a preferred orientation along (020) plane. The average crystallite sizes estimated from XRD data was found to lie in the range of 15.11 -36.80 nm. AFM confirmed that the PbO films have good homogeneous surface. The higher transmittance value of PbO film annealed at 523K was found to lie in the range of 88-91% in VIS and IR region, Which makes it good materials for warming application; it could be used as window glazing 
